Introduction

35
Leaf movements are common adaptive responses to stress factors in plants ( Kadioglu et al. 2012) .
36
Leaf movement affects physiological performance because of the influence of orientation on leaf 37 energy balance (Gamon and Pearcy 1989) . Various reports (Ehleringer and Forseth 1980; Forseth 38 and Ehleringer 1982; Gamon and Pearcy 1989; Mooney and Ehleringer 1978) show that 39 diaheliotropism maximizes carbon gain by increasing incident photosynthetic photon flux density 40 (PPFD) or minimizes incident radiation, resulting in more favorable leaf temperatures and water 41 status during drought. Moreover, according to Ludlow and Björkman (1984) paraheliotropism 42 contributes to avoid leaf photoinhibition under drought stress. Among leaf movements leaf rolling 43 is an hydronastic mechanism involved in plant responses to stress factors (Kadioglu et al. 2012) 44 such as water stress (Kadioglu et al. 2012) . There is evidence (Heckathorn and De Lucia, 1991;  Cruz (1980) found that partial leaf rolling in leaves with adaxial stomata increased stomatal 50 conductance by providing a more favorable microenvironment such as a higher relative humidity.
51
However, the contribution of leaf rolling on stomatal conductance under water stress depends on 52 several factors including stomatal distribution as well as the degree and pattern of stomatal opening 53 at low leaf water potential (Heckathorn and DeLucia 1991) .
54
In Mediterranean ecosystems, the distribution of the dominant growth form and habitus is related to 55 water availability. According to a gradient of increasing aridity, there is a decrease in the transpiring 56 surfaces up to the complete lack of leaves in drought deciduous shrubs, associated with drought- In particular, to cope with drought stress these species develop twigs with short internodes 62 (brachyblasts) characterized by small xeromorphic leaves in summer, and twigs with longer 
64
Seasonal leaf dimorphism has been reported to be an adaptive strategy to the seasonal climatic 65 changes occurring in Mediterranean habitats (Aronne and De Micco, 2001; Christodoulakis et al. 66 1990; Kyparissis et al., 1997; Orshan 1964 (Flexas et al. 2014; Werner et al. 1999 Werner et al. , 2001 
117
The remaining ten saplings per provenance were kept under daily irrigation and measured to verify Measurements of chlorophyll fluorescence were carried out on the same leaves of gas exchange 144 measurements, using a portable modulated fluorometer (OS5p, Opti-Sciences, USA).
145
Chlorophyll fluorescence measurements were carried out at saturating PPFD (i.e. 1500 µmol photon 146 m -2 s -1 ) ensuring a uniform light distribution on leaf surface while maintaining an inclination of the 147 fluorometer pulse source at 45°.
148
The actual quantum efficiency of the photosystem II (Φ PSII ) was calculated according to Genty et al.
149
(1989) as: 
155
The rate of electron transport rate (ETR) was calculated, according to Krall and Edwards (1992) Leaf rolling index (LRI, %) was calculated on the same leaves used for gas exchange measurements 177 according to Li et al. (2010) as:
where L w was the maximum leaf blade width and L n the natural distance of the leaf blade margins.
182
For LRI measurements L w was measured only at D1 in order to avoid any confounding effect of leaf 183 manipulation on gas exchange and chlorophyll fluorescence measurements. Regression analysis was used to explore the relationships among the considered variables.
189
Relationships were considered significant at p ≤ 0.01.
190
Kolmogorov-Smirnov and Levene tests were used to verify the assumptions of normality and 191 homogeneity of variances, respectively. All data are shown as mean ± standard deviation (s.d.).
192
All the statistic tests were performed by a statistical software package (Statistica.8, Stasoft, USA).
194
Results
195
Gas exchange
196
The daily gas exchange measurements are shown in and Figure 2 . 27, 2017; 7 respectively in CPs, and by 23% and 88%, respectively, in LCs ( Fig. 2A) decreased by 75% at D3. In LCs, C e decreased by 50% and 92%, at D2 and D3, respectively, 205 compared to D1 (0.04±0.01) (Fig. 2D ).
206
The control plants did not show any significant variation in gas exchange parameters during the 207 experiment both in CPc and LCc. The ETR and Φ PSII values measured during the experiment are shown in Fig. 3 .
211
In particular, in CPs ETR decreased by 14% and 30% at D2 and D3, respectively, compared to D1
212
(221.9±20.2 µmol e -m -2 s -1 ) (Fig. 3A) . Φ PSII showed the same ETR trend with the highest value at 213 D1 (0.38±0.05) decreasing by 8% and 37% at D2 and D3, respectively (Fig. 3B ).
214
In LCs saplings ETR and Φ PSII through the experiment did not vary significantly between the 215 experimental days (Fig. 3A, B) .
217
Leaf water status
218
The measured values of RWC and Ψ leaf are shown in Table 1 .
219
CPs and LCs showed a significant decrease (by 113% and 133%) in Ψ leaf compared to D1 parameters that showed the greatest differences between CPs and LCs.
242
According to Lawlor and Cornic (2002) , the decrease in RWC increases C i . However, in CPs, C i 243 decreases at D2 (6%) and increased by 9% at D3, compared to D1. In LCs C i increases through the show C e values equal to 100% of the control until D2, decreasing by 25% of the control at D3,
254
while in LCs C e decreases by 50% and 7.5% of the control at D2 and D3, respectively.
255
A RWC higher than 75% has not effect on photosynthetic metabolism (Lawlor and Cornic 2002) .
256
Nevertheless, the results of the experiment highlight a faster progressive inhibition of metabolism in
257
LCs, associated to a higher RWC (i.e. 80%), than in CPs.
258
Water stress exposes plants to photo-inhibition by reducing PSII efficiency and ETR (Cabrera decrease in CPs at D2 may be interpreted as a down-regulation mechanism at lower A max (Biehler 262 and Fock 1996; Cornic and Massacci 1996; Haupt-Herting and Fock, 2000, 2002) . Since the rate of The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/131508 doi: bioRxiv preprint first posted online Apr. 27, 2017;  limitations. On the contrary, the lack of variation in ETR and Φ PSII in LCs suggests that the redox 268 system under water stress is in a reduced state due to continued electron transport and absence of 269 sinks (Lawlor and Cornic 2002) , as confirmed by the significant decrease in C e through the 270 experiment. Moreover, the constant ETR and the C i increase in LCs during the experiment could be 271 also due to an increased photorespiration rate. In fact, decreasing RWC has long been known to 272 increase the ratio of photorespiration to photosynthesis (Lawlor 1976; Lawlor and Fock 1975) .
273
Nevertheless, fluorescence and O 2 isotope analysis showed that despite in stressed leaves the 274 photorespiration to photosynthesis ratio increases, the absolute photorespiration rate was not so 275 large like in unstressed leaves, so fewer electrons may be used (Biehler and Fock 1996) .
276
During the experiment LCs show leaf rolling (i.e. LRI = 2±1%) at D2 increasing to 28±14% at D3, 277 while in CPs leaf rolling (LRI = 7±3%) appears at D3. Since leaf rolling is a hydronastic 278 mechanism the delayed leaf rolling in CPs indicates the ability to better sustain turgor, despite water 279 stress, compared to LCs according to Kadioglu et al. (2012) . 
288
In conclusion, the results highlighted that leaf rolling is related to the physiological variables in both The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/131508 doi: bioRxiv preprint first posted online Apr. 27, 2017; The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/131508 doi: bioRxiv preprint first posted online Apr. 27, 2017;  
